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Abstract. We present here a compilation of PRONAOS-based results con-
cerning the temperature dependence of the dust submillimeter spectral in-
dex, including data from Galactic cirrus, star-forming regions and a circum-
stellar envelope. We observe large variations of the spectral index (from 0.8
to 2.4) in a wide range of temperatures (12 to 80 K). These spectral in-
dex variations follow a hyperbolic-shaped function of the temperature, large
spectral indices (1.5-2.4) being observed in cold regions (12-20 K) while small
indices (0.8-1.6) are observed in warm regions (35-80 K). Three interpreta-
tions are proposed: one is that the grain sizes change in warm and rather
dense environments, another is that the chemical composition of the grains
is not the same in different environments, a third one is that there is an
intrinsic dependence of the dust spectral index on the temperature due to
quantum processes.
1 Introduction
To accurately characterize dust emissivity properties represents a major challenge
of nowadays astronomy. PRONAOS (PROgramme NAtional d’Observations Sub-
millime´triques) is a French balloon-borne submillimeter experiment (Ristorcelli et al. 1998).
Its effective wavelengths are 200, 260, 360 and 580 µm, and the angular resolutions
are 2′ in bands 1 and 2, 2.5′ in band 3 and 3.5′ in band 4.
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2 Analysis of the Galactic dust emission
We fit a modified black body law to the spectra: Iν = ǫ0 Bν(λ, T ) (λ/λ0)
−β , where
Iν is the spectral intensity (MJy/sr), ǫ0 is the emissivity at λ0 of the observed
dust column density, Bν is the Planck function, T is the temperature and β is the
spectral index.
Fig. 1. Spectral index versus temperature, for fully independent pixels in Orion (black as-
terisks), M17 (diamonds), Cygnus (triangles), ρ Ophiuchi (grey asterisks), Polaris (black
squares), Taurus (grey square), NCS (grey cross) and NGC 891 (black crosses). The full
line is the result of the best hyperbolic fit: β = 1
0.4+0.008T
We present in Fig. 1 the spectral index - temperature relation observed. The
temperature in this data set ranges from 11 to 80 K, and the spectral index also
exhibits large variations from 0.8 to 2.4. One can observe an anticorrelation on
these plots between the temperature and the spectral index, in the sense that the
cold regions have high spectral indices around 2, and warmer regions have spectral
indices below 1.5. In particular, no data points with T > 35 K and β > 1.6 can
be found, nor points with T < 20 K and β < 1.5. The temperature dependence of
the emissivity spectral index is well fitted by a hyperbolic approximating function.
Several interpretations are possible for this effect: one is that the grain sizes change
in dense environments, another is that the chemical composition of the grains is
not the same in different environments and that this correlates to the temperature,
a third one is that there is an intrinsic dependence of the spectral index on the
temperature, due to quantum processes such as two-level tunneling effects. Details
about this analysis and the possible interpretations can be found in Dupac et al.
(2003).
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